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Summary Evidence of epidemicity of nasopharyngeal carcinoma (NPC) was sought in Greenland Inuits, who have a high incidence of this cancer, by examining the births of NPC cases for evidence of clustering in time and space. Births of cases were concentrated in autumn and winter.
Fifty-four cases were analysed, and a two-fold excess of clustering within one year was observed, both within single districts and between adjacent districts. This excess was not significant at the 5% level; about 90 cases would have been required to confirm the observed effect at this level of significance. It is suggested that a search for space-time clustering of NPC cases in larger high-risk populations might prove more fruitful.
Nasopharyngeal cancer is a rare tumour in most populations, with an annual incidence below 1 per 100,000, but in various ethnic Chinese populations the annual incidence rate is ten to twenty times higher, and reaches 29 per 100,000 in Cantonese living in Singapore (Shanmugaratnam, 1982) . Most nasopharyngeal carcinoma (NPC) in these high-risk areas is undifferentiated squamous carcinoma (WHO type II and III) (Clifford & Beecher, 1964; Schmauz & Templeton, 1972; Nielsen et al., 1977; Cammoun et al., 1978) .
The ethnic and geographical distribution of NPC appears to indicate that both genetic and environmental factors are important in its aetiology. There is an increased risk of NPC in migrants, whether Caucasian or Chinese, who are born in high risk areas, even though they live most of their later life in low risk areas. This suggests that any environmental factors in the subsequent development of NPC act during infancy or early childhood (Zippin et al., 1962; Buel, 1973 Buel, , 1974 .
There is now both serological and cellular evidence (Anderson-Anvret et al., 1978; Klein, 1979; Saemundsen et al., 1982) in support of the association reported by Old et al. (1966) (Klein, 1979) .
NPC is relatively common in Greenland Eskimos (Nielsen et al., 1977) , with annual incidence rates in 1968-1972, adjusted to world standard population (Doll et al., 1970) , of 12.3 and 8.5 per 100,000 in males and females, respectively. These rates are about twenty times higher than the rates in Denmark (Nielsen & Hart-Hansen, 1982) . The EBV genome has been demonstrated in malignant NPC epithelial cells from Greenland Eskimos (Saemundsen et al., 1982) . Seroconversion to EBV in Greenland is almost universal by the age of two years (Albeck et al., 1985) , indicating early exposure to EBV infection. On the basis of the seroepidemiology of EBV (Henle & Henle, 1979) , it can be assumed that primary infection with EBV also took place during infancy and childhood during the first half of this century, when the subjects in this study were 
Study population
The native Greenland population is of Inuit Eskimo origin, with considerable Caucasian admixture (Kissmeyer-Nielsen et al., 1971) . The Inuit population increased from -10,000 at the turn of the century to 16,000 in 1930 16,000 in , and 42,000 in 1982 16,000 in . Between 1900 16,000 in and 1982 , the annual number of births rose from about 500 to 1,000 (Bertelsen, 1937; Ministry for Greenland, 1983) .
During the period from 1900-1955, during which the births in this study took place, the typical Inuit family comprised 6-10 persons living in their own detached home, built of stone and turf, and averaging about 9 x 12 feet (1OM2) in ground area and about 6 feet (2 m) in height. All family members, and guests, would sleep in the same bed (about 6 x 5 feet). The general standard of hygiene was poor (Bertelsen, 1937) , and infectious diseases spread easily.
The country is divided into 16 medical districts, each with its own small hospital based in the coastal town, which is the local trade and social centre. All medical care is free; cancer patients are usually referred to Denmark for investigation and treatment. All hospital records in Greenland were checked for the period . Records for all patients transferred to Denmark were also reviewed. The files of the Danish Cancer Registry in Copenhagen were searched for NPC cases in Greenland residents. Registrations of lymphoma in cervical lymph nodes or of metastases in those nodes from an unknown primary were also reviewed, to exclude NPC. Biopsy specimens and reports from all these patients were reviewed. Data for all patients with NPC were extracted from hospital records.
Method
Knox's method (1964) was used to determine if cases of NPC showed evidence of space-time clustering at birth, compatible with a shared oncogenic exposure in infancy. The spatial (X, Y) coordinates assigned to each case were those of the central settlement in the district of birth, and defined as the distance in miles east and north, respectively, of an imaginary origin to the southwest of Greenland (see map, Figure 1 . Each case is represented by a dash (-).
The median age at diagnosis of NPC was 51.5 years. Most cases (80%) were born in the period 1900-1929. The distributions of NPC cases by month and period of birth and by age and period of diagnosis are given in Table I . There is a marked seasonal pattern to the births of NPC cases, with a peak in autumn and a trough in spring (Figure 2 ). This was an unexpected finding, and to pursue it we used Edwards' (1961) harmonic analysis, which tests for departure from the null hypothesis that there is no seasonal peak, and fits a sine wave to the observed distribution. There was an almost sixfold difference between the fitted peak and trough frequencies, in October and April (7.7 and 1.3; peak-to-trough ratio 5.9). Addition of one aCases born within the same district were given the same spatial co-ordinates: see text; bOne-sided Poisson P-value. Note: For 54 cases, each of 1431 possible case pairs (54 x 53/2) is examined. The 3 close pairs born within the most stringent limits (within 3 months of each other, within the same district) are included among observed close pairs defined by an any less stringent limits. Each number in the body of the Table therefore includes all those given to the left or above.
In the calculation, time intervals were defined as less than or equal to 91, 182, 365, 730 and 1095 days, respectively.
imaginary birth in April, in order to assess distortion due to the absence of observed births in this month, caused some flattening of the fitted sine wave (peak 7.0, trough 2.2, ratio 3.2), but the midOctober peak was unchanged. This analysis was prompted by the observed data rather than any prior idea about a seasonal pattern of births, and P-values testing departure from the null hypothesis are therefore not reported. The spatial distribution of the births of NPC cases is shown on the map (Figure 1) , which also shows, for each district, the number of cases born there and the interval between the births of successive cases, to the nearest month.
The observed and expected numbers of close pairs revealed by the clustering analysis are shown in Table II for each combination of space and time limits. Among 54 cases, there are 1,431 possible pairs (54 x 53/2). There were, for example, 17 pairs born within 3 months of each other, and 123 paris born within the same district; 3 pairs met both criteria, compared to 1.46 pairs that would have been expected if there were no association between the times and places of birth of the cases (17 x 123/1,431).
The observed number of pairs born close in space and time was about twice the expected number over short time intervals (less than one year), both within the same district and between adjacent districts, but none of the excesses is significant at the 5% level. At time intervals greater than one year, there is no evidence of clustering. There is no evidence of clustering within Greenland as a whole (1,000 miles) at any time interval.
None of the close pairs involved either the case with differentiated squamous carcinoma, or any of the three cases diagnosed on clinical grounds alone. shows that entire districts were affected within a few months, whereupon neighbouring districts became affected (Bertelsen, 1943) . The district was therefore chosen as the smallest spatial unit of clustering, and the central settlement as the locus of each case born in that district.
The seasonal variation in births of NPC cases is surprising. No seasonal variation in EBV infection has been observed in Greenland, where almost all children now acquire serological evidence of EBV infection between 5 months and 2 years of age. Since EBV infection is almost universal, and only a tiny proportion of those infected will develop NPC, it is clear that the virus is not a sufficient cause of the carinoma. Given a latency of 40 or more years between EBV infection and development of NPC, establishing any connection retrospectively may prove difficult. Other theories of NPC aetiology include consumption of salted fish containing nitrosamines in early life (Ho, 1972) . Traditionally, Eskimo food has included dried meat and anaerobically fermented meat and fish. Hirayam and Ito (1981) have recently advanced the theory that tumour promoters in traditional Chinese herbal medicines may interact with EBV in the aetiology of NPC.
Other populations at high risk of NPC are much larger than the population of Greenland Inuits, and would permit collection of a much larger number of cases in a shorter time; ascertainment of more recent cases should be more complete, and data on other exposures could also be obtained. The small but intriguing excess of space-time clustering observed here suggests that a search for this effect in a larger high-risk population might prove more fruitful.
